INTRODUCTION
Hospital readmissions numbered 2.3 million (19%) among Medicare enrolees within 30 days of a previous discharge, generating over $17 billion in healthcare costs in 2004. 1 Up to $12 billion of these costs (70%) have been attributed to preventable rehospitalisations. 1 With over 13 million hospitalisations driving $102 billion in healthcare costs in 2004, rates of rehospitalisation have become a measure of keen interest. 2 In this era of healthcare reform, with increasing emphasis on higher quality healthcare at lower costs, the importance of care coordination during and after hospitalisation has been magnified.
Efforts to improve clinical management and reduce overall utilisation of healthcare have become a nearly universal initiative as the dictums of the Affordable Care Act become a reality. The goal of reducing hospital readmissions within 30 days of a previous discharge is a metric that has captured the attention of healthcare administrators, policymakers and providers. Factors driving readmission rates appear to be complex. Current data suggest that only 50% of the 2.3 million Medicare enrolees readmitted within 30 days in 2004 were seen by primary care providers in the interim and only 38% of heart failure patients are seen within 1 week of Open Access Scan to access more free content discharge. 1 3 While a reasonable goal for an index margin of reduction remains undefined, a number of interventions focused on the risk predictive tools, discharge planning and postdischarge care have been introduced. 4 Although many interventions demonstrate limited effect, 3 there is evidence that educational tools and coordination of timely postdischarge care for patients can effectively reduce readmission rates. [5] [6] [7] The STate Action on Avoidable Rehospitalizations (STAAR) programme was launched by the Institute for Healthcare Improvement (IHI) with funding from the Commonwealth Fund in May 2009. The primary goal of this collaboration was to share best practices to improve transitions in care and reduce hospital readmissions. Twenty sites were identified in Massachusetts and this grew to 80 sites across multiple states by August 2013. At Massachusetts General Hospital (MGH), the STAAR initiative (October 2009 to September 2013) included three inpatient care units. This discussion will focus on the changes on one particular high-volume general medical unit averaging 180 monthly admissions. This quality improvement initiative looked to answer the questions of whether nursing and pharmacy interventions can improve care delivery in high-risk populations, and reduce hospital readmissions in a busy medical unit.
METHODS
Owing to the non-invasive nature of implementing nursing and pharmacy interventions, no ethical issues were identified. Minimal concerns were raised regarding privacy or protection of participants. There were no identified potential author conflicts of interest.
Given the volume of patient care occurring in the identified unit, this setting was chosen as a potentially beneficial place for a quality improvement effort. Prior to initiation, the expectation was that readmission rates would decrease and the overall quality of care would improve.
Study design
This was a before-after study to determine the impact of D/C RN and Transitional Care Pharmacist (TC PharmD) interventions on readmission rates among patients at increased risk for readmission. The design rationale was based on the IHI recommended Plan-Do-Study-Act (PDSA) cycles with iterative episodes of change. Readmission rates were tracked in statistical process control charts during the study as were the participants in the study along with their primary reason for hospitalisation.
Eligibility criteria
Eligibility criteria were constructed using two domains (table 1): (1) criteria established in Project Red 8 and (2) most common admission diagnoses associated with unit-specific readmissions. All patients admitted to the unit during the project interval (September 2009 to October 2013) who met criteria were categorised as high risk for readmission and identified for interventions. Minor changes to the eligibility criteria occurred during the project using the PDSA cycles. Patient characteristics are listed in table 2.
Sample size
Assuming an initial event rate of 21% for the primary outcome and an α error of 0.05, a pool of approximately 983 patients was estimated to provide 85% power to detect a 30% reduction within a 2.5% margin of error. The initiative continued throughout the entire 4-year time period to optimise results. There were 2620 patients admitted to the unit who met high risk for readmission criteria. Of these, all 2620 patients received nursing interventions and 539 received pharmacy interventions.
Statistical methods
Statistical process control charts were used to track readmission rates. The χ 2 testing was used to differentiate rates of readmission for intervention and non-intervention groups. A p value less than 0.05 was considered to be statistically significant.
INTERVENTION Nursing intervention
Patients were classified on admission by the D/C RN as high risk for readmission according to preestablished inclusion criteria initially adapted from Project Red. 8 These criteria were extended to include common admission diagnoses specific to readmissions to the medicine unit (table 1) . Patients meeting criteria were identified by the D/C RN by adding an icon to the unit census board, which identified highrisk patients for the multidisciplinary care team. Daily, the D/C RN and the assigned staff nurse assisted patients in establishing a goal for the day, which was written on the patient's bedside board. The D/C RN provided education to each high-risk patient as well as a folder customised to include important information about their care team, follow-up appointments, treatment plan and individualised education materials. Within the folders, there was a place for the patient, or appropriate learner, to write questions for the care team, which were addressed by the D/C RN the following day.
The D/C RN role included care coordination for all patients in the unit and not just those deemed as high risk. The D/C RN facilitated morning multidisciplinary rounds as well as coordinating daily afternoon huddles with senior house staff and the resource nurse to update the plan of care, and creating consensus regarding the anticipated day of patient discharge. Once a date was identified, this date was posted on the unit census board, and was updated twice daily to facilitate early discharges for the next day. The D/C RN assisted staff with arranging simple postdischarge services and collaborated with case management on more complex postdischarge planning.
Pharmacy intervention I: postdischarge calls
During the project, two pharmacy interventions were piloted. The first intervention was a stand-alone postdischarge call programme that was piloted during the first 6 months of the STAAR initiative. The purpose was to provide medication reconciliation and counselling after a patient was discharged home. After receiving notification of a discharge, the TC PharmD would review the patient medication profile and contact patients within 72 h to reconcile their home meds, provide counselling on new medications and to address adherence issues. The call was then documented and primary physicians were notified of any urgent issues. The pharmacy calls continued from January 2010 to June 2010, at which point findings were shared within the institution. As a result, primary care practices began calling patients postdischarge.
Pharmacy intervention II: medication reconciliation and patient education
The second pharmacy intervention occurred during hospitalisation and became the focus of the TC PharmD role. The TC PharmD anticipated medicationrelated changes for patients classified as high-risk for readmission. Partnering closely with the D/C RN, case managers and care team, the TC PharmD worked to resolve any medication-related issues over the course of the admission and confirm patient understanding of their new medication regimen. On the day of discharge, the TC PharmD completed medication reconciliation, provided counselling and addressed patient adherence barriers including facilitating the filling of discharge prescriptions or assisting with prior authorisations.
Other interventions
Multidisciplinary rounds were modified during this intervention. To assist with establishing the plan for the day, the timing of multidisciplinary rounds was moved and the focus was changed to include barriers to discharge as well as an estimated date of discharge.
The electronic application for physicians to complete medication reconciliation was also updated to identify medication errors and provide additional safeguards during patient discharge.
OUTCOMES
The outcome measure was all-cause rates of readmission within 30 days. Secondary benefits were identified as a result of this project, but were not measured. All outcomes were tracked by the operations department staff who were blinded to intervention status.
From October 2009 to September 2013, overall readmission rates decreased by 30% from 21% (18% average) preintervention to 14.5% (14.9% average) postintervention ( p<0.05; figure 1 ). From July 2010 to December 2011, rates of readmission among highrisk patients receiving the D/C RN intervention with or without the TC PharmD intervention decreased to 15.9% ( p=0.59). From January 2010 to June 2010, rates of readmission among high-risk patients receiving the TC PharmD postdischarge calls decreased to 12.9% ( p=0.55). Postdischarge TC PharmD calls demonstrated that 52% of patients deviated from medication instructions after leaving the hospital (table 3) . Deviation from medication instructions included patient continuation of medications that had been discontinued during the hospitalisation, patient continuation of over the counter medications (nonsteroidal anti-inflammatory drugs, etc) that were not mentioned during the previous hospitalisation and patient challenges following proper dosing instructions for medications that were initiated or changed on discharge. From July 2010 through December 2011, readmission rates for patients on the medical unit who did not receive the designated D/C RN or TC PharmD interventions decreased to 15.8% ( p=0.61) and 16.2% (0.31), respectively. Patient characteristics in intervention and non-intervention groups are listed in table 2. Inpatient discharge experience satisfaction did not change during this study.
DISCUSSION
The STAAR initiative reduced hospital readmissions by 30% in this general medicine unit during the study period, including patients who received discharge interventions as well as those who did not. The D/C RN and TC PharmD interventions targeting high-risk populations alone did not appear to produce statistically significant changes in readmission rates. Additional impact was realised with the changes made to the care team structure, which affected all unit patients. Targeted interventions along with improved hospital coordination can augment processes of care for patients during and after admission. Implementation of similar interventions with improved care coordination may be an effective means of reducing readmissions in other hospitals.
Prior studies examining the impact of patient education-focused nursing interventions have demonstrated to effectively reduce readmissions in several different settings. Coleman et al 9 reported reduced readmission rates with the addition of a nurse coordinator and care transition coach at the time of discharge. Jack et al demonstrated the effects of instituting nursing interventions to improve care transitions and reduce readmissions. Connections of readmission rates to patient health literacy have been described by Cloonan et al. 10 Recently, McHugh and Ma's 11 correlation of nurse workload with readmission rates among patients with heart failure, acute myocardial infarction and pneumonia, underlines a relationship between nursing inpatient business and readmission rates. Naylor et al's 12 systematic review of care transitions describes 21 different adult inpatient interventions to reduce readmissions with emphasis on the impact of nursing-guided patient-centred interventions at the time of discharge. A systematic review by Chiu et al 13 highlighted the value of nursing interventions focusing on communication tools, patient involvement, nurse-led coaching, education sessions and comprehensive discharge planning.
Studies have established the impact of pharmacistbased interventions on readmission rates and care transitions. Schnipper et al 14 demonstrated that postdischarge pharmacy calls reduce adverse drug events after hospitalisation. A pharmacist coaching intervention was noted to reduce readmissions in a study by Coleman et al. 9 In elderly populations, pharmacist inpatient counselling paired with outpatient pharmacist home visits has been shown to effectively reduce readmissions. 15 Overall readmission rates demonstrated improvement during the MGH STAAR initiative with a 30% rate reduction from ∼21% to 14.5%; however, the isolated nursing and pharmacist interventions did not demonstrate a statistically significant change in readmissions. This may be explained by the level of collaboration and engagement by unit staff, nursing, pharmacists and physicians. Furthermore, having a single point person who can be easily identified by patients and care team served to reduce inefficiencies and further streamline care. In addition, the D/C RN role included leading discussions at multidisciplinary rounds and focused on creating consensus around the estimated day of discharge for all unit patients. This method of engaging providers and broadcasting the care plan is an effective way to improve care coordination. Having support of key stakeholders including unit and institutional leadership allowed the initiative to build momentum that may have not otherwise occurred.
Other key interventions that may have contributed to reducing readmission rates for all patients include changes to the electronic medication reconciliation application as well as the timing and structure of house staff and multidisciplinary rounds. These smaller changes had a significant impact on the flow and execution of care delivery in the unit.
Although the goal of reducing unit readmission rates to 10% was not achieved, with the implementation of the D/C RN role, pharmacy medication reconciliation, postdischarge calls and improved care coordination, several unexpected outcomes occurred. During the process of interdisciplinary collaboration, awareness of readmission rates and the importance of reducing readmissions became a top priority. Although unable to quantify the cost savings of a 30% reduction in readmission rates, our belief is that we improved patient care outcomes as defined by The Institute of Medicine. The Institute of Medicine's (IOM) Crossing the Quality Chasm describes improving health as a function of upholding the dictums of safe, effective, patient-centred, timely, efficient and equitable healthcare. 16 We believe that the work detailed here holds true to the IOM values and further demonstrates the call to action for healthcare systems in general.
LIMITATIONS
Inclusion criteria may have excluded patients who could have benefitted from the interventions; therefore, the D/C RN was afforded the opportunity to include additional individuals through consensus with the unit nurse director and project manager. In addition, the project required staff nurses to take on an additional patient as part of their assignment to create a cost-neutral dedicated D/C RN. A small percentage of a pharmacy resource was dedicated to this project and balanced with other responsibilities. For these reasons, this work may not be possible at some other institutions. All high-risk patients would have benefited from the TC PharmD intervention, however, due to timing of admissions, limited pharmacy resources and other unavoidable logistics, not all of the high-risk patients received both interventions possibly reducing favourable outcomes. Reorganisation of multidisciplinary rounds and other unit-based changes may have contributed to decreased readmissions in patients who were not identified as high risk for readmission in this study. During the fourth year of the project, the D/C RN role was changed to the Attending Nurse Role and expanded to other units in the hospital as a part of an institution-wide initiative. It is unclear how this influenced findings. In 2013, there was an institution-wide effort to increase the number of warm-handoffs to postacute care facilities and the impact on outcomes was unable to be quantified. Routine house staff and attending turnover may have negatively impacted readmission rates despite efforts to bridge care gaps.
CONCLUSION
Single interventions, when evaluated in isolation, did not demonstrate statistically significant changes in readmission rates. A multidisciplinary approach to improving care coordination effectively reduced avoidable readmissions. This demonstrates the importance of multidisciplinary collaboration, which improved the care transitions and reduced rehospitalisations for our patients, the primary outcome measures of this quality improvement initiative.
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